ABSTRACT The male accessory glands in Triatoma are tubular and produce substances with some functions related to production of the spermatophore. In the current study, the cytochemistry of male accessory glands was evaluated in starved Triatoma brasiliensis and adult Triatoma melanica. The storage of carbohydrates and proteins in T. melanica male accessory glands occurs earlier than in T. brasiliensis. In addition, the occurrence of eletron-lucent granules without carbohydrates and proteins suggests that other substances are released by these glands, which may be used for lubrication of the male genitalia. Male T. brasiliensis has more intense secretory activity in the Þfth day of adult life, which may indicate a higher reproductive capacity. The analysis of lipid production in male accessory glands can contribute to the knowledge of spermatophore formation in these species.
The male reproductive tract of insects is constituted by a pair of testes, connected to the aedeagus by genital ducts and some accessory glands (Snodgrass 1993 , Chapman 1998 . The secretions of male insect accessory gland play multifunctional roles in the transference, activation, and protection of germ cells, as well as in changing female behavior and stimulating ovarian development and oviposition (Davey 1958; Fuchs et al. 1969; Pickford et al. 1969; Friedel and Gillot 1977; Chen 1984; Hartmann and Loher 1999; Gillot 2002 Gillot , 2003 .
The secretory products of these glands can be proteins, carbohydrates, and lipids (Gillot 2003) . They may contain a variety of biologically active components, such as prostaglandins (Gillot 1988) , juvenile hormone (Shirk et al. 1980 , Borovsky et al. 1994 , and toxic compounds that have been suggested to serve as egg protectants (Blum and Hilker 2002, Eisner et al. 2002) .
Another important function of male accessory glands is to secrete a mucous substance, which always is excreted as a liquid along with the sperm, and hardens on them to form a protective capsule called spermatophore. In some insects, the spermatophore is deposited in the bursa copulatrix female, during copulation, and sperm then migrate to the spermatheca, where they are stored until used for fertilization (Opitz 2003) .
In Triatominae (Reduviidae), there are four pairs of male accessory glands classiÞed in anterior (AG I), external (AG II), internal (AG III), and dorsal (AG IV) portioned according to the insect body plan. The four glands open together in the hilus, from which arise a common gland duct that opens into the ejaculatory duct (Barth 1958 , Freitas et al. 2007 .
The anatomical aspect of male accessory glands in Triatominae changes according to aging. In the Þrst day of adult life, the glands are withered, without secretion storage. After 3 d, the glands have a shinny aspect, with enlarged volume. The glandular volume increases in 5-d-old males because of intracellular secretion storage (Khalifa 1950 , Freitas et al. 2007 ). The four accessory glands have the lumen lined by a single layer of secretory cells and well-developed basement membrane. All glands are surrounded by thin muscle layer and tracheae, with tracheoles in close association with the glandular epithelium (Freitas et al. 2007 (Freitas et al. , 2010 .
The glandular activity dedicated to the production of spermatophore in triatomine bugs depends on the age and feeding status of the insects (Regis et al. 1985) . In Triatoma infestans, the secretion storage begins at sixth day after imaginal molt, and two blood meals are required to induce glandular activity. Panstrongylus megistus behavior is similar to Rhodnius prolixus males that, fed or not, produce spermatophores about the eighth day after adult emergence (Khalifa 1950 , Regis et al. 1987 . Davey (1958) noted that in R. prolixus the secretion of three of its four pairs of accessory glands forms the spermatophore, whereas the secretion of the fourth pair acts directly on the nervous system of female, causing the ductsÕ contraction, and sperm migrate to spermateca.
Triatoma brasiliensis Neiva, 1911 is now the most important Chagas disease vector in Northeastern Brazil (Costa et al. 2003a) . Multidisciplinary studies of four distinct forms of this species proposed subdividing of T. brasiliensis into three species (T. brasiliensis, T. melanica, and T. juazeirensis) and one subspecies (T. brasiliensis macromelasoma) (Costa et al. 2003b (Costa et al. , 2006 Costa and Fé lix 2007) .
The study of Costa et al. (2003b) showed that in spite of the morphologic, biological, ecological, and molecular differences previously demonstrated among these four T. brasiliensis populations, they were able to produce viable progeny in the laboratory. The two populations (brasiliensis and melanica) known to present the lowest genetic identity values, based on either alloenzyme data or mitochondrial DNA sequences (Costa et al. 1997 (Costa et al. , 2001 , or the highest ecological distinctiveness (Costa et al. 2002) , also revealed the lowest reproductive compatibility, disclosing sterility in F 2 crosses. Based on studies of Ryckman (1962) , in which the reproductive isolation is the best criteria to assess the taxonomic status of a determined population, the authors considered that brasiliensis and melanica populations are in the beginning of a true speciation process. From this, we selected T. brasiliensis and T. melanica to begin studies with male accessory glands.
Preliminary studies on the ultrastructure of male accessory glands in T. brasiliensis and T. melanica were recently made (Freitas et al. 2010) . However, the nature of their secretion is unknown. The purpose of this investigation was to study the composition of the secretion found in male accessory glands of T. brasiliensis and T. melanica using cytochemical methods and with transmission electron microscopy to detect the localization of the carbohydrates and proteins in secretory granules, because these products are responsible for the formation of the spermatophore in insects (Gillot 2003) . The results can clarify the involvement of all the accessory glands in the production of spermatophore in Triatoma, because ultrastructural cytochemistry can show the category of secretory granules, as well as if the secretion is related with the age and physiological status of males, increasing knowledge about accessory glands in Triatominae.
Materials and Methods
Insect Rearing. The insects were obtained from F 1 colonies of specimens collected in the typesÕ localities of both species, T. brasiliensis (Caicó , State of Rio Grande Norte) and T. melanica (Espinosa, State of Minas Gerais), and maintained in colonies in the Setor de Entomologia Mé dica e Forense (Sector of Medical and Forensic Entomology), Instituto Oswaldo Cruz. Fifth-instar male nymphs were maintained in a dark glass vial (30 cm height ϫ 15 cm diameter) covered with nylon screen, at 29 Ϯ 1ЊC, 80 Ϯ 5% RH, and 12-h photoperiod. A folded Þlter paper was placed inside the vial to increase the contact surface and refuge, as well as to remove the humidity excess. The insects were fed weekly with blood of Swiss mice (Protocol CEUA-FIOCRUZ P0100-01).
Starved adults of two species with 1, 3, and 5 d after ecdysis were dissected in saline solution for insects (0.1 M NaCl; 0.1 M KCl). The specimens were pinned in pronotum with pins crossing body and attached to a petri dish with parafÞn. After removal of the wings, the connective was cut on both sides to remove abdominal tergites. Male accessory glands were isolated and transferred to 2.5% glutaraldehyde in 0.1 M sodium cacodilate buffer, pH 7.2, for 1 h, and postÞxed in 1% osmium tetroxide in the same buffer for 1 h. The samples were dehydrated in a graded acetone series and embedded in Epon resin.
Ultrastructural Localization of Carbohydrates. For carbohydrate detection, the periodic acid-thiosemicarbazide-silver proteinate method (Thiery 1967) was used. Ultrathin sections of glands were collected on gold grids and treated with 1% periodic acid, 20 min at room temperature. After rinsing in distilled water, the sections were condensed with thiosemicarbazide (1% thiosemicarbazide in 10% acetic acid for 48 h at room temperature). After rinsing sequentially with 10, 5, and 1% acetic acid and with distilled water, the sections were exposed to 1% silver proteinate for 30 min at room temperature in the dark.
Ultrastructural Localization of Basic Proteins. For basic protein detection, the phosphotungstic acid method was used. After glutaraldehyde Þxation, glands were dehydrated (without postÞxation with O s O 4 ) in ethanol and incubated for 2 h at room temperature in 2% phosphotungstic acid in ethanol, washed in ethanol, and embedded in Epon resin.
For both methods, unstained sections were observed under a transmission electron microscope Zeiss EM 109.
Results
The cytochemical tests used showed positive electron-dense granules. Some electron-lucent structures, not delimited by membrane, were in this study considered glycogen storage granules. The electron-lucent membrane-bounded granules found in this study were negative to the cytochemical tests.
T. brasiliensis
Ultrastructural Localization of Carbohydrates. The four glands of 1-, 3-, and 5-d-old male of T. brasiliensis presented glycogen storage granules in the entire cytoplasm (Fig. 1) . Positive granules for carbohydrate (Fig. 2) were seen, only in the AG I and AG II for all studied insects.
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Electron-lucent granules were found in the entire cytoplasm of the four glands. The small granules in 1-d-old males increased their volume until the Þfth day (Figs. 1 and 3) . Some of these granules were released to the gland lumen (Fig. 3 ) in all glands; however, only in AG II, the released material was found to be positive for carbohydrates (Fig. 4) .
In the lumen of the four glands, accumulation of positive contents for carbohydrates was seen after 5 d old (Figs. 1 and 4) .
Ultrastructural Localization of Basic Proteins. The four glands presented positive areas for proteins in 1-, 3-, and 5-d-old males (Fig. 5) . However, in AG I and AG III, the presence of positive granules was seen in the Þrst and Þfth days of adult life (Fig. 6) .
Electron-lucent granules are present in cytoplasm of gland cells for all days studied and some present proteins inside (Fig. 7) . In all glands, electron-lucent granules were frequently observed into the gland lumen since the Þrst day of adult life ( Fig. 8) .
In AG I and AG IV, in 5-d-old insects, lipids could be seen in the gland cells (Fig. 9 ), but this content was not found in other glands.
T. melanica
Ultrastructural Localization of Carbohydrates. In T. melanica the four male accessory glands had positive granules for carbohydrates scattered in the cytoplasm (Fig. 10) . Particles and granules of glycogen storage were seen in AG I, AG III, and AG VI (Fig. 11) , except in AG II. In some cases, the glycogen appears as part of secretion that is being delivered in the gland lumen (Fig. 11) .
Electron-lucent granules were present in the entire cytoplasm of the four glands, starting from the third day of adult life ( Fig. 11) . However, only in AG I and AG II, at 3-d-old insects, some of these granules were released into the glandular lumen (Fig. 12) .
In the AG I of 5-d-old adults, electron-lucent granules containing carbohydrates inside were present in glandular epithelium and secreted from lumen (Fig. 12) .
Ultrastructural Localization of Basic Proteins. The test for protein detection showed that the four glands, in all studied insects, had positive granules scattered in the entire cytoplasm (Fig. 13) , as well as the presence of electron-lucent granules. These electron-lucent granules are released into the gland lumen of the insects in all ages, as seen in the AG III (Fig. 14) and AG IV (Fig. 15) . The gland lumen had positive reaction for protein, with a granular content in AG I, AG II, and AG III in all insects (Figs.  13 and 14) . The presence of protein release in small vesicles was found only in AG II for the 5-d-old T. melanica (Fig.  16) .
Discussion
In Triatominae, the storage of male accessory gland contents occurs early in adult life, so that the four glands double in size in 4-d-old insects (Regis et al. 1985) . The secretions produced by the male accessory glands of insects are constituted by heterogeneous substances (Odhiambo 1969 , Gerber et al. 1971 , Dailey et al. 1980 ; this is corroborated by the results obtained in this study that showed granules with positive reactions for carbohydrates and proteins simultaneously.
Data obtained from measuring the male accessory glands of 2-d-old T. infestans, either fed or starved, showed that the Þrst mating is directly related to the need of more than one blood meal to complete the gland activity (Regis et al. 1985) . Manrique and Lazzari (1994) in studies with the same species reported that the mating occurs Ϸ16 d after the Þrst meal as adults, and males attempted to copulate from the Þrst day. However, this data cannot be compared with Regis et al. (1985) because the latter evaluated the measurement of the glands, and not sexual activity of insects. In the current study, the male accessory glands of T. brasiliensis and T. melanica showed secretory granules containing carbohydrates and proteins in the glandular epithelium and being released into the gland lumen, in 1-d-old starved insects, suggesting a possible role of these glands in spermatophore production, because this is constituted by carbohydrates and proteins (Gillot 2003) . This fact may indicate that, for T. brasiliensis and T. melanica, blood meal is not necessary for glandular activation, unlike that observed for T. infestans (Regis et al. 1985) . In relation, the mating attempt can occur in these species after the Þrst day old, as noted by Manrique and Lazzari (1994) in T. infestans, but the viability of the spermatophore produced is unknown, because mating attempt does not necessarily mean that a spermatophore was formed.
Although the four accessory glands of T. brasiliensis and T. melanica present a similar epithelial morphology (Freitas et al. 2010) , the use of ultrastructural cytochemistry showed different secretory characteristics, among the glands, during the maturation period. Positive granules for carbohydrates were found in all ages studied in the four glands of T. melanica. However, carbohydrates were present only in AG I and AG II T. brasiliensis. Therefore, in T. melanica, from the Þrst-day-old insect, the four male accessory glands play a role in carbohydrate metabolism, possibly for spermatophore production.
The protein granules were found, only in the AG I and AG III of T. brasiliensis, whereas these granules were present in the four glands in T. melanica, in all studied ages. According to Leopold (1976) , carbo- hydrates and proteins are characteristics of the secretions of the male accessory glands, and they have been recorded in the secretions of these glands in Orthoptera (Odhiambo 1969 , Braswell et al. 2006 , Hemiptera (Davey 1958) , Coleoptera (Anderson 1950 , De Loof and Lagasse 1972 , Frenk and Happ 1976 , Lepidoptera (Thibout 1971) , Hymenoptera (Jeantet 1972, Cruz-Landim and Dallacqua 2005) , Diptera (Leopold 1970 , Federer and Chen 1982 , Marchini et al. 2003 , and Ixodidae mites (Ricardo et al. 2007) . Supported by data obtained in this study, we suggest that the male accessory glands of T. melanica begin spermatophore production precursors before the T. brasiliensis ones, in which that process is asynchronous when compared with T. melanica.
Glycogen stored in clots or dispersed in the cytoplasm was observed in the four male accessory glands of T. brasiliensis, in all studied ages. However, in T. melanica, glycogen was absent in the AG II. Because glycogen is a reserve to be transformed in glucose, according to the needs of the cell, we can suppose that AG II of T. melanica storage glycogen from the 5-d-old insects.
In R. prolixus, the spermatophore is produced by the three pairs of male accessory glands that contain a transparent material, whereas the secretion of the fourth pair, of opaque aspect, is responsible for the movement of the spermatozoa inside the reproductive organ of the female (Davey 1958 ). In the current study, we observed that, in T. brasiliensis, AG III and AG IV do not participate in the production of carbohydrates, until the Þfth day of adult life, suggesting that one of these glands, or both, may play the same role of the opaque glands of R. prolixus. This Þnding corroborates the data of Regis et al. (1985) , in which the authors suggest that AG II in T. infestans play the same role of the opaque glands of R. prolixus.
Rhodnius and Triatoma males have a large edeagus that is evaginated and occupies the femaleÕs vagina during mating; therefore, there is not a direct contact between the edeagus and the female spermatheca, and the secretions of the male accessory glands are used in spermatophore production, which occupies the vagina of the female, where the sperm mass is released (Khalifa 1950) . The presence of many electron-lucent granules, negative for carbohydrates and proteins, released into the lumen of male accessory glands of T. brasiliensis and T. melanica, suggests that other products are being produced and secreted. These can contain substances to stimulate egg laying, and/or for lubrication of male genitalia (Gregory 1965 , Pickford et al. 1969 .
Males of T. melanica have earlier secretory activity when compared with T. brasiliensis because the four male accessory glands produce and release substances from the Þrst day of adult life. However, males of T. brasiliensis have a more intense secretory activity, supported by the presence of many large secretory granules from the Þfth day of adult life, suggesting a high reproductive capacity.
The main products of the male accessory glands are carbohydrates, proteins, and lipids (Frenk and Happ 1976, Gillot 2003) ; however, these products have been poorly studied. In addition to carbohydrates and proteins present in different periods, in the different glands, lipid granules were observed in AG I and AG IV of T. brasiliensis, starting in 5-d-old adults. Therefore, a cytochemical and biochemical study for detection of lipids should be accomplished for the conÞrmation of the origin of these products in both species.
Our studies show that in Triatoma the production of carbohydrates and proteins, by accessory glands, differs among species. However, the secretory activity occurs without blood meal from the early days of adult life, which potentiates these males to make the Þrst copulation and transfer sperm to the female.
